Amaç: İn vitro koşullarda beyin omurilik sıvısı (BOS) içinde multilameller lipozomal bupivakain formülasyonlarının kontrollü salınım profilini, lipozomsuz bupivakain formlarıyla karşılaştırmayı amaçladık. Methods: Liposome formulations were prepared using a dry-film hydration method. Then, an artificial CSF-buffered solution was prepared. Bupivacaine base with liposomal bupivacaine base, bupivacaine HCl with liposomal bupivacaine HCl and bupivacaine HCl were added in a Franz diffusion cell. These solutions were kept in a hot water bath for 24 h. The samples were taken at 0.5, 1, 3, 6, 12 and 24 h (1 st series of experiment). Solutions of bupivacaine base with liposomal bupivacaine base and bupivacaine HCl with liposomal bupivacaine HCl were centrifuged to obtain liposomal bupivacaine base and liposomal bupivacaine HCl. Afterwards, liposomal bupivacaine base and liposomal bupivacaine HCl were added in a Franz diffusion cell. After keeping these solutions in a hot water bath for 24 h as well, the samples were taken at the same time intervals (2 nd series of experiment). All samples (54 from the 1st experiment and 36 from the 2 nd experiment) were analysed with high-performance liquid chromatography and ultra-performance liquid chromatography and their chromatograms were obtained.
Introduction

S
everal drugs are encapsulated into liposomes to prolong their effective duration of action (1, 2) . Because liposomes can carry both lipophilic and hydrophilic drugs and deliver enzymes to cells, they may offer several opportunities for diagnosis or treatment in clinical practice. Because of the controlled release of a drug by liposomes, therapeutic effects can be achieved in low doses with the encapsulated drugs. In this way, toxic effects can be either reduced or discarded, and the half-life of a drug can be prolonged (3) (4) (5) (6) .
Local anaesthetic drugs can also be encapsulated in liposomes to prolong the duration of analgesia without increasing their toxicity. When administered via local infiltration, liposomal bupivacaine has been demonstrated to be effective for treating postoperative pain with a prolonged duration of action compared with placebo (7) . In addition to its use in wound infiltration both in humans and animal models, encapsulated bupivacaine has been administered in either the intracisternal or epidural space in rabbits and subcutaneously injected in mice (7) (8) (9) (10) (11) . However, there were no studies demonstrating the intrathecal use of liposomal bupivacaine either in vitro or in vivo until now. Therefore, in this study, we aimed to demonstrate in vitro controlled release pattern of multilamellar liposomal bupivacaine in artificial cerebrospinal fluid (CSF) by determining its action using high-performance liquid chromatography (HPLC) and ultra-performance liquid chromatography (UPLC).
Methods
Preparation of liposomes
Structurally multilamellar liposomes were prepared from dipalmitoylphosphatidylcholine (DPPC) and cholesterol using the dry-film hydration method as previously described by Serikawa et al. (5) and Kajiwara et al. (6) (Figures 1 and 2) . Twenty mg DPPC, 20 mg cholesterol and 50 mg bupivacaine were dissolved in 6 mL methanol and dried under vacuum at 60°C. Dry film was hydrated, and liposomes were formed using a vortex mixer, followed by ultrasonication for 30 min. These formulations contained the drug both inside and outside of the liposome. Other liposome formations were separated by centrifugation. Afterwards, they were re-dispersed with 3 mL water, where the outer medium did not contain any drug molecule.
Standard solutions
• Stock standard solution of bupivacaine at a concentration of 0.1 mg mL −1 was prepared in a mobile phase.
• The standard solution was diluted to 1, 2, 4, 8, 16, 32 and 64 µg mL −1 from the stock solution.
• After removing 0.5 mL from the sample solutions of all groups, 0.5 mL CSF was added to the sample solutions of all groups and was analysed at 0.5, 1, 3, 6, 12 and 24 h. Cerebrospinal fluid Buffered CSF solution was artificially prepared as described in Table 1 ( 12) . Then, CSF was used for release studies.
Release studies
First, calibration curves of bupivacaine base were determined using HPLC and UPLC. These calibration curves, as a function of concentration versus area, revealed a linear profile, with r 2 =0.9999 and r 2 =0.9989 for HPLC and UPLC, respectively.
All formulations were subjected to Franz-type diffusion cell experiments ( Figure 3 ). Franz-type cells were separated by dialysis membrane, and formulations were introduced in the donor chambers where the receptor phases were CSF. An artificial CSF medium was selected to mimic in vivo conditions. Samples were collected from receptor compartments at pre-determined time intervals and were immediately replenished with fresh solutions.
Afterwards, release studies were performed at 37°C to consecutively analyse all samples using both HPLC and UPLC again. Chromatograms of bupivacaine base and HCl were determined using both HPLC and UPLC. These chromatograms were plotted as a function of time versus concentration.
Analytical methods (HPLC and UPLC)
• The HPLC system used was the Thermo Finnigan Surveyor (Thermo Scientific, USA) that was coupled with an ultraviolet diode array detector and automatic sampler
• The chromatographic separation was performed using a ZORBAX SB-CN column (4.6 mm × 150 m, 5 µm; Agilent, USA). The mobile phase was acetonitrile:NaH-2PO4 buffer (15 mM, pH 7.4) (50:50 v/v)
• The flow rate was 1 mL min −1 .
• The target compound was detected at 263 nm.
All samples (54 from the 1 st experiment and 36 from the 2 nd experiment) were analysed using HPLC and UPLC, respectively, and their chromatograms were obtained.
To demonstrate the release profiles of bupivacaine base and HCl forms with or without liposomes, experiments were conducted as shown below.
• Bupivacaine HCl (n=18)
• Bupivacaine HCl with liposomal bupivacaine HCl (n=18)
• Liposomal bupivacaine base (n=18)
• Liposomal bupivacaine HCl (n=18)
• Bupivacaine base with liposomal bupivacaine base (n=18)
Results
Prior to release studies, calibration curves of bupivacaine base that were determined using HPLC and UPLC were shown in Figures 4a and 4b. These calibration curves, representing concentration versus area, revealed a linear profile, with r 2 =0.9999 and r 2 =0.9989 for HPLC and UPLC, respectively.
In addition, chromatograms of bupivacaine base and HCl, which were determined using HPLC and UPLC, were shown in Figures 5 and 6 . These graphs were plotted as a function of time versus concentration.
Afterwards, release studies for all samples that were performed at 37°C were consecutively analysed using both HPLC and UPLC. When release profiles of bupivacaine base and HCl forms with or without liposomes were displayed, bupivacaine was found to be released from all liposomal formulations ( Figure 7 ).
Discussion
In this in vitro study, bupivacaine was found to be released from all liposomal formulations. The release rates were slower depending on liposomal formulations, which might be because of the controlled release of active substance by the liposome's lipid bilayers. When liposomes were separated and re-dispersed, drug content decreased. Therefore, total released drug was found to be low; however, when the outer medium also contained the study drug, total release was found to be high. In all formulations, the lipid wall of liposome limited the drug release, which revealed that the lipid bilayer could have played an important role.
Several effects of multilamellar liposome-associated bupivacaine after epidural brachial plexus and intravenous injection in rabbits have been investigated by Boogaerts et al. (13-15).
Biodistribution of liposomal bupivacaine after epidural injection was observed to be lesser than that of plain bupivacaine, possibly because of the rapid transfer of bupivacaine between the liposomes and epidural spinal nerve sheath (13) . Similar to that study, we used multilamellar liposomal bupivacaine. However, we investigated not only two formulations, such as plain or liposome-associated form, but also compared bupivacaine base or HCL with or without liposomal formulations in vitro. Boogaerts et al. (13) did not demonstrate that the drug released from the liposomes could cross the subarachnoid membrane by a radiolabelled molecule. Because the release profile of the drugs could not be demonstrated due to the determination method used by them, we selected chromatographic detection (HPLC and UPLC) of bupivacaine as recommended (13) . Moreover, we performed chromatographic quality controls to demonstrate that the molecular integrity of bupivacaine did not change, which was a kind of proof of the purity of the study drug.
There are several concerns with liposomal drug formulations. One of them might be the drug leakage during storage in liposomal bupivacaine formulations. Cohen et al. (16) developed a new formulation to overcome this problem. The lipid composition of liposomal bupivacaine has been modified by entrapping them into a Ca-alginate cross-lined hydrogel (bupigel). Then, significantly prolonged analgesia was achieved in mice compared with both plain and standard liposomal bupivacaine (16) . Another important concern is the potential risk for neurotoxicity because of liposome-associated bupiv- acaine. However, after intravascular injection of plain bupivacaine with or without adrenalin at doses producing seizure, ventricular tachycardia and asystole, bupivacaine encapsulated in multilamellar liposomes reduced central nervous and cardiac system toxicities in rabbits (14) .
Liposomal bupivacaine as a single dose is approved by FDA only by wound infiltration to provide prolonged postoperative analgesia (17) . However, when a single epidural injection of 266 mg DepoFoam formulation was administered to healthy volunteers, prolonged duration of sensory block without extending motor block was observed (18) .
Depobupivacaine (EXPAREL) is a controlled release formulation that is prepared by multivesicular technology. However, all liposomes do not have the same properties, composition and method of preparation. Multivesicular liposomes (MVL) are different from either unilamellar or multilamellar ones. MVL are larger than the traditional unilamellar (<1 µm) and multilamellar (1-5 µm) liposomes. Depofoam, which is an MVL preparation, has a non-concentric multiple lipid layer, whereas multilamellar liposomes have concentric lipid bilayers (19) (20) (21) . This in vitro investigation is the first study to demonstrate the controlled slow-release pattern of structurally multilamellar liposomal bupivacaine in artificial CSF, determined using both HPLC and UPLC. Therefore, we assumed that the concentric lipid bilayer of the liposomal bupivacaine formulation might have played an important role in the controlled release pattern by limiting the drug release to a much greater extent. To the best of our knowledge, no prior study had been conducted using multilamellar liposomal bupivacaine to demonstrate the controlled release profile in vitro in artificial CSF. However, the primary limitation of this study is the lack of knowledge regarding the neurotoxicity potential of the liposomal drug formulation under in vitro conditions. If successful controlled release profiles can be achieved in vivo using the same liposomal drug formulations of bupivacaine, further neurotoxicity studies can be conducted to demonstrate its safety.
Conclusion
On the basis of the current in vitro results, intrathecal use of liposomal bupivacaine might be promising in clinical obstetric anaesthesia practice because of the slower release pattern of multilamellar liposomal bupivacaine than non-liposomal bupivacaine in artificial CSF.
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Etik Komite Onayı: Bu in vitro laboratuar araştırması etik kurallar çerçevesinde gerçekleştirilmiştir. Bu in vitro araştırma farklı bir ortamda yeni bir ilaç geliştirme teknolojisini gösterdiğinden, etik komite onayı gerektiren hayvan ya da gönüllü veya hasta dahil etme gereksinimi bulunmamaktadır.
